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(57) A magnetic resonance imaging (MRI) coil sys- 
tem is provided which comprises an RF coil element 
comprising a plurality of electrically conductive mem- 
bers (36) spaced to form a generally tubular structure 
and defining an imaging volume. The coil element is 
adapted to receive a RF signal and apply a magnetic 
field to the imaging volume. A signal generator (42) gen- 
erates the RF signal, and a power splitter (44) is adapted 
to distribute the RF signal across each of the plurality of 


electrically conductive members (36) in signals of equal 
power. A phase shifter (46) receives the split signals 
from the power splitter (44) and equally phase shifts 
each of the split RF signals across each of the plurality 
of electrically conductive members (36) such that each 
conductor carries the signal at a different phase angle 
with respect to each other conductor. An amplifier (38) 
is coupled to each of the conductors (36) for independ- 
ently controlling the current amplitude of the signal car- 
ried on said respective conductor. 
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Description 


[0001] The present invention relates to the field of 
magnetic resonance imaging (MRI) systems and, more 
particularly, concerns radio frequency (RF) coils for use 
in such systems. 

[0002] In MRI systems or nuclear magnetic reso- 
nance (NMR) systems, radio frequency signals are pro- 
vided in the form of circularly polarized or rotating mag- 
netic fields having an axis of rotation aligned with a mam 
magnetic field. An RF field is then applied in the region 
being examined in a direction orthogonal to the static 
field direction, to excite magnetic resonance in the re- 
gion, and resulting RF signals are detected and proc- 
essed Receiving coils intercept the radio frequency 
magnetic field generated by the subject under investi- 
gation in the presence of the main magnetic field in order 
to provide an image of the subject. Typically, such RF 
coils are either surface-type coils or volume-type coils, 
depending upon the particular application. Normally, 
separate RF coils are used for excitation and detection, 
but the same coil or array of coils may be used for both 
purposes. 

[0003] Conventional MRI systems have a number of 
artifact problems. For example, aliasing of unwanted 
signals into the resonance object image is a common 
problem in MRI applications. A particular form of artifact, 
sometimes referred to as an aliasing artifact, can occur 
in the either the frequency direction or the phase direc- 
tion within MRI systems. In this type of artifact, an area 
of anatomy that is at least partially within the excitation 
field of the body coil has a local Larmor frequency iden- 
tical to a pixel within the imaging field of view. This phe- 
nomenon typically originates from areas outside the 
field of view, but causes artifacts inside the image. It of- 
ten arises as a result of the nonlinearity of the gradient 
fields and/or non-homogeneity of the DC magnetic 
fields. 

[0004] Accordingly, to reduce the occurrences of un- 
wanted artifacts, there exists a need for MRI systems 
having improved linearity of gradient fields and homo- 
geneity of DC magnetic fields or RF transmit coils with 
zero sensitivity outside the field of view. 
[0005] in the present invention, a distributed integrat- 
ed power amplifier is proposed which enables the con- 
struction of transmit coils having improved field of view 
regulation and drop off outside the field of view. 
[0006] In particular, the present invention provides a 
radio frequency (RF) coil apparatus for resonance im- 
aging/analysis comprising a plurality of axial conductors 
spaced to form a generally tubular structure and define 
an imaging volume. Each of the axial conductors has a 
first end and a second end. A first ring conductor is cou- 
pled to the first ends and a second ring conductor is cou- 
pled to the second ends to form a birdcage coil. An in- 
dependently controllable amplifier is coupled to each re- 
spective axial conductor for independently controlling a 
current amplitude of a signal carried on said respective 


conductor. 

[0007] In another aspect of the invention, a magnetic 
resonance imaging (MRI) coil system is provided which 
comprises an RF coil element comprising a plurality of 
5 electrically conductive members spaced to form a gen- 
erally tubular structure and defining an imaging volume. 
The coil element is adapted to receive a RF signal and 
apply a RF magnetic field to the imaging volume. A sig- 
nal generator generates the RF signal, and a power 
10 splitter is adapted to distribute the RF signal across each 
of the plurality of electrically conductive members in sig- 
nals of equal power. A phase shifter receives the split 
signals from the signal splitter and equally phase shifts 
each of the spirt RF signals across each of the plurality 
is of electrically conductive members such that each con- 
ductor carries the signal at a different phase angle with 
respect to each other conductor. An amplifier is coupled 
to each of the conductors for independently controlling 
the current amplitude of the signal carried on said re- 
20 spective conductor. 

[0008] An advantage of the present invention is that 
it enables higher order transmit coils and arrays which 
eliminate artifacts by not exciting the artifact regions. 
Another advantage is that the present invention pro- 
25 vides precise current amplitude and phase control 
throughout the transmit coil, thereby ensuring optimal 
homogeneity of the RF magnetic field. 
[0009] A further advantage of the present invention is 
that it eliminates power losses between the power amp 
so and the RF coil, in contrast to typical MRI systems 
wherein between 1 and 2 dB of power can be lost in 
cables and switches before the power gets to the trans- 
mit coil. 

[001 0] Another advantage of the present invention is 
35 that different RF field shapes can be generated with a 
single coil thereby enabling selective excitation within 
the imaging volume. 

[0011] For a more complete understanding of this in- 
vention, reference should now be made to the embodi- 
40 ments illustrated in greater detail in the accompanying 
drawings and described below by way of examples of 
the invention. 
[0012] In the drawings: 
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Figure 1 is a planar schematic view of a high pass 
birdcage coil; 

Figure 2 is a block diagram of a magnetic resonance 
imaging system according to one embodiment of 
the present invention; 

Figure 3 is a schematic diagram of one embodiment 
of a transmit coil according to the present invention; 
and 

Figure 4 is a schematic diagram of one embodiment 
of connection circuitry for the transmit coil of Figure 

3. 
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F0013] In describing the characteristics of the transmit 
coil arrangement of the present invention, it is useful to 
have an understanding of distributed-type volume co s 
in general and a birdcage transmit coil in particular. In 
this regard, referring to Figure 1 , there is shown a planar 
schematic view of a high pass birdcage coil. A b.rdcage 
coil consists of two rings connected by several straight 
segments referred to as legs. A planar schematic of an 
eiaht-leq high-pass birdcage is shown in Figure 1 . This 
cot consists of two end rings R1 and R2 and eight legs, 

100141 The birdcage which is of the distributed induct- 
ance-capacitance type structure has several frequency 
modes. Of interest is the homogeneous mode which 
sets up a homogeneous RF magnetic field. The homo- 
geneous mode has two linear components, oriented or- 
thogonal to one another. Atthe homogeneous mode, the 
currents in the coil are cosinusoidally distributed such 
that the resultant field displayed has a homogeneous 
distribution over the imaging field of v.ew (FOV) The 
points where the planes of symmetry intersect the bird- 
cage are "a, b, c. d, e. f, g. h" on ring R1 and , J, M. 
m n o, p- on ring R2, and »q, r, s, t, u, v, w, x on egs 
,' 2 3 8 respectively of Figure 1. Since points q 
through x are located on the virtual ground plane, these 
points are at virtual ground potential or have no net po- 

ImIB] Referring now to Figure 2, there is shown a 
block diagram of an MRI system operable to perform a 
magnetic resonance imaging by using a radio frequency 
coil according to the present invention . 
100161 The system of Figure 2 is operated such that 
a static magnetic field generating section M may torn, a 
uniform static magnetic field in its inner space. The static 
magnetic field generating section M is comprised of a 
pair of magnetic generators formed by permanent or su- 
perconductive magnets (not shown), for example, these 
magnetic generators are spaced apart in a horizontal 
direction and oppositely faced to each other so as to 
form a static magnetic field (a horizontal magnate field) 
in the opposing space. Each of the gradient co.l sections 
G is arranged at the front surface of the magnete gen- 
erator and they are similarly spaced apart and opposed 
in a horizontal direction from each other. 
r00171 A transmission coil section T forming a cylin- 
drical assembly is installed within the static magnetic 
f ield space between the gradient coil sections G. A body 
coil section B forming a cylindrical assembly is installed 
within the static magnetic field space within the trans- 
mission coil T. A central axis of the body coil section B 
is crossed at a right angle with a direction of the static 
magneticfield. Betweenthe gradient coil sections G and 
the transmission coil T there is an RF shield S that 
shields the transmission coils from the gradient cods. Al- 
though separate RF coils are shown for excitation 
(transmission coil T) and detection (body co.l B), the 
same coil or array of coils may be used for both purpos- 


r0018] An inspected body O is inserted into the inner 
space of the body coil section B. A body axis of the in- 
spected body O is aligned with a direction of the static 
magneticfield. 

5 [0019] A transmission coil section TR is connected to 
the transmission coil T. The transmission coil section TR 
applies a driving signal to the transmisslon.co. T so as 
to generate a radio frequency (RF) magnetic field, there- 
by a spin in the body of the inspected body O is excited 
10 ThetransmissioncoilTandtransmissioncoilsectionTR 
is one example of a preferred embodiment of the trans- 
mission coil of the present invention. Details of the trans- 
mission coil will be described below with reference to 
Fiqure 3. A gradient driving section GR is connected to 
is the gradient coil sections G. The gradient driving section 
GR applies a driving signal to the gradient coil sections 
G so as to generate a gradient magnetic field. To the 
body coil section B is connected a receiving section RV. 
To the receiving section RV is inputted a magnetic res- 
20 onance receiving signal received by the body co.l sec- 

tion B. , . „„ 

[0020] To the receiving section RV is connected an 
analog-to-digital conversion section AD. The analog-to- 
digital conversion section AD operates to convert an 
25 output signal of the receiving section RV into a digital 
signal. The analog-to-digital conversion section AD is 
connected to a computer COM. To the computer COM 
is inputted a digital signal from the analog-to-d.gital con- 
version section AD, wherein an image reforming proc- 
30 ess is carried out in response to the input digital signal, 
and an image of the inspected body O is generated^ 
[0021] To the computer COM a displaying section DIS 
and an operating section OP are connected The ^ dis- 
playing section DIS displays an image generated by the 
35 computer COM. The displaying section DIS also dis- 
plays various kinds of information outputted from the 
computer COM. The operating section OP is operated 
by an operator so as to input various kinds of instructions 
or information to the computer COM. 
40 [0022] To the computer COM is also connected a con- 
trol section CNT. The control section CNT is connected 
to the transmission section TR, the gradient dnv.ng sec- 
tion GR, the receiving section RV, the analog-to-d.g.tal 
conversion section AD and the imaging table on which 
45 the inspected body O rests. The control section CNT re- 
ceives instructions from the computer COM and outputs 
control signals to each of the transmission sect.cn TR, 
the gradient driving section GR, the receiving section 
RV the analog-to-digital conversion section AD and the 
so imaging table so as to perform an imaging operation. 
[0023] Referring now to Figure 3 there is shown a 
schematic block diagram of one embodiment of the 
transmit coil T according to the present invention for use 
in the exemplary system of Figure 2. In this example, 
55 the transmit coil comprises a sixteen leg or rung bird- 
cage 30 Thus, between each ring 32, 34 of the b.rdcage 
30 there extends sixteen legs 36. For simplicity, the b.rd- 
cage 30 is shown in the planar configuration. Each leg 
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36 of the transmit coil 30 includes an amplifier 38 which 
is preferably a MOSFET amplifier. Preferably, each 
power amplifier 38 comprises a single power MOSFET 
or a push-pull configuration amplifier such as MRF154 
available from Motorola Corporation, as well as the as- 
sociated DC circuitry and matching circuitry. In this re- 
gard careful attention should be given to the routing of 
the DC current so as not to impair the homogeneity of 
the DC magnetic field. Preferably, the matching circuitry 
is designed for maximum energy transfer between the 
power amp 38 and the coil rungs 36, as well as between 
the different components of the transmission section 
TR In addition, a pickup loop can be integrated into 
each leg or rung 36 to monitor the current amplitude and 
phase, and the signal can be fed back to the amplifier 
to ensure stable levels of amplitude and phase. An ex- 
ample of such circuitry is discussed below with refer- 
ence to Figure 4. 

[0024] The transmission section TR operates to con- 
trol the excitation of the transmission coil 30. In this ex- 
ample, a preamplifier 40 amplifies the RF pulse from the 
waveform generator 42 to levels acceptable for the input 
of the power amplifiers 38 which are integrated into the 
transmit coil 30. 

[0025] in the case of the sixteen-rod birdcage shown 
in Figure 3, the amplified RF pulse is split by a sixteen- 
way power splitter 44 which divides the power into six- 
teen equal components. Any conventional power sputter 
design can be used for this task and the implementation 
thereof will be readily apparent to one of skill in the art 
of RF electronics. The resulting sixteen power signals 
45 are communicated to a sixteen-way phase shifter 46 
to provide sixteen signals 47 having a sinusoidal ampli- 
tude distribution. Each of the signals 47 is then commu- 
nicated to a corresponding gate of a power amplifier 38 
associated with a birdcage rung 36. In this example, the 
phase shift between two neighboring power channels is 
22 5°, which represents 360° across channels 1 through 
16 In the case of an eight conductor birdcage coil, the 
phase shift between two neighboring power channels is 
45° , which represents 360° across the eight conductors. 
Other well known components which comprise the bird- 
cage such as capacitors, inductors, and matching cir- 
cuits are not shown for the sake of simplicity. 
[0026] Figure 3 is one example of a preferred appli- 
cation according to the present invention. The illustrated 
embodiment, however, is intended to be exemplary and 
not limiting. Indeed, the integrated power amplifier con- 
figuration of the present invention is equally applicable 
to any type of known homogeneous transmit coils in- 
cluding TEM transmit coils and birdcage coils. 
[0027] Referring now to Figure 4 there is shown an 
exemplary embodiment of the circuitry connections for 
a power amplifier and associated rung of the birdcage 
coil of Figure 3. In Figure 4, the matching network 100 
is configured to match the input impendence of the pow- 
er amplifier 1 02 (power MOSFET) to the 50 ohm coaxial 
cable 1 04 from the phase shifter. Matching network 1 06 


matches the output impendence of the power amplifier 
102 to the impendence looking into the corresponding 
rung 108 of the birdcage coil. In this way, the energy 
transfer from the power amplifier 1 02 to the rung 1 08 is 
5 maximized. Couplers 110, 112 measure the input signal 
and output signal, respectively. Preferably, coupler 112 
is in the form of a pick-up loop to measure the current 
amplitude in the rung 108. The respective signals from 
the input coupler 110 and output coupler 112 are com- 
io pared at summer 120 after amplification by amplifiers 
122, 124. An error signal results if the input and output 
signals differ. The resulting error signal is integrated by 
integrator 1 26 and communicated to the voltage control- 
led attenuator 130 which regulates the input signal until 
15 the error is zero. 

[0028] From the foregoing, it can be seen that there 
has been brought to the art a new and improved trans- 
mission coil for MRI applications which provides advan- 
tages over conventional transmission coils. 
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Claims 

1 . A radiof requency (RF) coil apparatus for resonance 
imaging/analysis comprising: 

a plurality of axial conductors (36) spaced to 
form a generally tubular structure and define an 
imaging volume, each axial conductor having 
first and second ends; 

a first ring conductor (34) coupled to the first 
ends; 

a second ring conductor (35) coupled to the 
second ends; and 

a plurality of amplifiers (38), each of said am- 
plifiers coupled to a respective axial conductor 
for independently controlling a current ampli- 
tude of a signal carried on said respective con- 
ductor. 

2 The RF coil of claim 1 wherein the plurality of axial 
conductors (36) equals between eight and sixteen. 

3. The RF coil of claim 1 wherein each amplifier (38) 
comprises a power MOSFET amplifier. 

4. A magnetic resonance imaging (MRI) coil system 
comprising: 

an RF coil element comprising a plurality of 
electrically conductive members (36) spaced to 
form a generally tubular structure and defining 
an imaging volume, said coil element being 
adapted to receive a RF signal and apply a 
55 magnetic field to said imaging volume; 

a signal generator (42) for generating said RF 
signal; 

a power splitter (44) adapted to distnbute said 
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15 


20 


RF signal across each of said plurality of elec- 
trically conductive members; 
a phase shifter (46) adapted to phase shift said 
RF signal across each of said plurality of elec- 
trically conductive members (36) such that 
each conductor carries said signal at a different 
phase angle with respect to each other conduc- 
tor, and 

a plurality of amplifiers (38), each of said am- 
plifiers coupled to a respective conductor for in- 
dependently controlling a current amplitude of 
the signal carried on said respective conductor. 

5 The MRI coil system of claim 4 wherein the RF coil 
element comprises between eight and sixteen elec- 
trically conductive members. 

6 The MRI coil system of claim 5 wherein the power 
splitter (44) is adapted to split the RF signal into 
eight or sixteen signals of equal power. 

7 The MRI coil system of claim 6 wherein the phase 
shifter (46) is adapted to receive each of said power 
split signals from said power splitter and phase shift 
each signal by 22.5 to 45 degrees with respect to 
each other signal. 

8 A phased array coil apparatus for use in an nuclear 
magnetic resonance (NMR) system, the coil com- 
prising a plurality of electrically conductive mem- 
bers (36) spaced to form and generally tubular 
structure and defining an imaging volume, said cort 
element being adapted to apply a RF magnetic field 
to said imaging volume, wherein each of said elec- 
trically conductive members is adapted to receive a 
RF signal and each of said electrically conductive 
members is configured to independently control a 
current amplitude of said signal. 

9 The phased array coil of said claim 8 wherein each 
electrically conductive member includes an amplifi- 
er (38) for independently controlling a current am- 
plitude of said signal. 

10 The phased array coil of said claim 9 wherein each 
' of said amplifiers is a power MOSFET amplifier. 
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(54) Magnetic resonance imaging transmit volume coil 


(57) A magnetic resonance imaging (MRI) coil sys- 
tem is provided which comprises an RF coil element 
comprising a plurality of electrically conductive mem- 
bers (36) spaced to form a generally tubular structure 
and defining an imaging volume. The coil element is 
adapted to receive a RF signal and apply a magnetic 
field to the imaging volume. A signal generator (42) gen- 
erates the RF signal, and a power splitter (44) is adapted 
to distribute the RF signal across each of the plurality of 


electrically conductive members (36) in signals of equal 
power. A phase shifter (46) receives the split signals 
from the power splitter (44) and equally phase shifts 
each of the split RF signals across each of the plurality 
of electrically conductive members (36) such that each 
conductor carries the signal at a different phase angle 
with respect to each other conductor. An amplifier (38) 
is coupled to each of the conductors (36) for independ- 
ently controlling the current amplitude of the signal car- 
ried on said respective conductor. 


CO 
< 

to 

CM 

o> 

CO 


Q. 
LU 


30 


,40 
Preamp 


44 


4& 


16 Way Power p ha se Shifter 
Splitter 


47 


A 


m 


TR 


T 


3E 


FIG. 3 


Printed by Jouve, 7S0O1 PARIS (FR) 


3C 


■36 


34 


BNSOOCID: <EP 1273926A3J_> 


EP 1 273 926 A3 


3 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 02 25 4542 


r^iiRAFWTc; noNSiDERED TO BE RELEVANT 


Category 

Citation of document with indication, where appropriate, 
of relevant passages _ 

Relevant 
to claim 

CLASSIFICATION OF THE 
APPLICATION (lnLC1.7> 

Y 
/v 

EP 0 366 188 A (PHILIPS NV) 
2 May 1990 (1990-05-02) 

* column 1, line 25 - column 2, line 24 * 

* column 3, line 22 - column 4, line 24; 
figures 2-4 * 

1-10 

G01R33/34 
G01R33/36 

X 

US 4 680 548 A (EDELSTEIN WILLIAM A ET 
AL) 14 July lvo/ \iyo/-v/ ±**) 
* column 8, line 1 - column 8, line 39; 
figure 3 * 

1-10 


X 

US 5 179 332 A (KANG Y00N-W0N) 
12 January 1993 (1993-01-12) 

* column 5, line 35 - column 8, line 20 * 

* r-fsiumn 19 linp 55 - column 12. 1 i ne 64 ; 

CO i Li 11 If 1 jLC. j 1 IMC JJ W 1 Mil" 1 9 • •»"— » 

figures 3-5 * 

1-10 


X 

PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 12, 

31 October 1998 (1998-10-31) 

-& JP 1G 192253 A (SHIMADZU CORP) , 

28 July 1998 (1998-07-28) 

* abstract * 

1-10 




TECHNICAL FIELDS 
SEARCHED (blt.CI.7) 



GG1R 

E 

WO 02/095435 A (K0NINKL PHILIPS 
ELECTRONICS NV ;LEUSSLER CHRISTOPH G (NL)) 
28 November 2002 (2002-11-28) 

* o l jna ii _ nAflp line 23 * 

page o» nne x± p«9 e °> imc 

* page 8, line 27 - page 10, line 8; 
figures 2-5 * 

1,2,4-9 


X 
A 

EP 0 684 946 A (TECHNICARE CORP) 
3 August 1983 (1983-08-03) 

* page 12, line 10 - page 15, line 11 

* page 17, line 14 - page 18, line 9 * 

* page 24, line 22 - page 25, line 18; 
figures 5,6,8 * 

8 

1-7.9.K 

3 


The present search report has been drawn up tor ail claims 
o,-~*^„h Oated completion ot the search 




MUNICH 


14 May 2004 


Lersch, W 


CATEGORY OF CITED DOCUMENTS 

X : parbcu tarty relevant S taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the fling date 
D : document cited in Ihe application 
L • documerrt cited lor other reasons 


& V member of the same patent famay, corresponding 
document 


2 


BNSOCCID: <EP 1273926A3J_> 


EP 1 273 926 A3 


ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP G2 25 4542 


This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

14-85-2004 


Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


tr UjODIOO 

A 

02-05- 

1990 

NL 

8802608 A 

16-05-1990 




DE 

68918389 Dl 

27-10-1994 





DE 

68918389 T2 

20-04-1995 





EP 

0366188 Al 

02-05-1990 





ID 
Or 

C 1 OHO Of n 

25-06-1990 





us 

4952878 A 

28-08-1990 

US 4680548 

A 

14-07- 

1987 

CN 

85106676 A ,B 

10-03-1986 




DE 

3583103 Dl 

11-07-1991 





EP 

0177855 A2 

16-04-1986 





FI 

853150 A 

10-04-1986 





IL 

76250 A 

30-06-1989 





JP 

1916505 C 

23-03-1995 





JP 

6036025 B 

11-05-1994 





JP 

61095234 A 

14-05-1986 





KR 

9002467 Bl 

16-04-1990 

US 5179332 

A 

12-01- 

-1993 

NONE 



JP 10192253 

A 

28-07- 

-1998 

NONE 



WO G2095435 

A 

28-11- 

-2002 

DE 

10124465 Al 

21-11-2002 




EP 

1279968 A2 

29-01-2003 





WO 

02095435 Al 

28-11-2002 

EP 0084946 

A 

03-08- 

-1983 

US 

4439733 A 

27-03-1984 




DE 

3380449 Dl 

28-09-1989 





EP 

0084946 Al 

03-08-1983 





JP 

1922692 C 

07-04-1995 





JP 

6041969 B 

01-06-1994 





JP 

58124936 A 

25-07-1983 


s 

li- 
fe For more details about this annex : see Official Journal of the European Patent Office, Mo. 1 2/82 


3 


BNSOOCtD: <EP 1273926A3_1_> 


